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(54) PREPREG SHEET FOR PLATY POROUS CARBONACEOUS MOLDING 

(57)Abstract: 

PURPOSE: To obtain a platy porous carbonaceous molding excellent in surface smoothness. 

CONSTITUTION: A prepreg sheet is obtd. by dispersing carbon fibers and a solid phenol resin, as the main components, 
and an epoxy resin, as a subsidary component, in an aq. medium and forming the resulting slurry into a sheet. The prepreg 
sheet is compression molded and baked to give a platy porous carbonaceous molding. A prepreg sheet obtd. by using an org. 
fiber material in addition to the above-mentioned components gives a platy carbonaceous molding having not only surface 
smoothness but also porosity required of an electrode plate of a fuel cell. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The prepreg sheet for porous carbonaceous fabrication boards characterized by using an epoxy resin (C) together as 
an accessory constituent to a resin (B) in the prepreg sheet for porous carbonaceous fabrication boards which is a sheet which 
considers as a principal component and is obtained by carrying out paper making, presents compression molding and baking 
with a carbon fiber (A) and solid phenol resin (B), and uses them as a porous carbonaceous fabrication board. 
[Claim 2] The prepreg sheet according to claim 1 which uses organic fiber (D) together further to an epoxy resin (C). 
[Claim 3] The prepreg sheet according to claim 1 whose carbon fiber (A) is a pitch based carbon fiber. 
[Claim 4] The prepreg sheet according to claim 1 whose solid phenol resin (B) is the thing of the range of weight average 
molecular weight 500-100,000. 

[Claim 5] The prepreg sheet according to claim 2 whose organic fiber (D) is organic fiber which is not fibrillating. 

[Claim 6] The prepreg sheet according to claim 1 whose epoxy resin (C) weight to a solid phenol resin (B) weight is 5 - 50% 

of the weight of a range. 

[Claim 7] The prepreg sheet of the organic fiber (D) to a carbon fiber (A) according to claim 2 which is 5 to 50% of the 
weight of a range comparatively. 

[Claim 8] The prepreg sheet for phosphoric acid type fuel cell electrode boards characterized by using an epoxy resin (C) 
together as an accessory constituent to a resin (B) in the prepreg sheet for porous carbonaceous fabrication boards which is a 
sheet which considers as a principal component and is obtained by carrying out paper making, presents compression molding 
and baking with a carbon fiber (A) and solid phenol resin (B), and uses them as a porous carbonaceous fabrication board. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the prepreg sheet which made the principal component a suitable carbon fiber 
to obtain the porous carbonaceous fabrication board calcinated [ is pressed~and ] and used and solid phenol resin, and carried 
out paper making. 
[0002] 

[Description of the Prior Art] The porous carbonaceous fabrication board is manufactured by various methods. For example, 
sink into the carbon fiber aggregates, such as a paper of a carbon fiber, felt, and a cross, they are made to dry thermosetting 
resin, a resin is accomplished with the prepreg of a semi-hardening state (formation of B stage), this prepreg is fabricated with 
compression molding etc, and it is obtained by calcinating under an inert atmosphere. Thus, in order to calcinate by the final 
process, desirably [ a thing with the high yield (actual carbon ratio) which remains by carbonization ], and generally the 
prepreg sheet using phenol resin is used, 

[0003] If a carbon fiber is used with the form of the continuous continuous glass fiber in case homogeneous sheet metal is 
manufactured especially, it will be difficult to distribute fiber homogeneously, it will be very difficult to fabricate the uniform 
sheet metal which a part with discontinuous fiber density occurs and does not have directivity, and the staple-fiber aggregate 
of a carbon fiber, i.e., a paper, a nonwoven fabric, or the felt that carried out needle punch will usually be used. 
[0004] However, since the weight per unit area is small and the dynamics intensity also has it from the purpose, control of the 
thing resin ratio in a prepreg-ized process or the formation of B stage is difficult for the staple-fiber aggregate of the carbon 
fiber used in case homogeneous sheet metal is manufactured, i.e., a paper, a nonwoven fabric, or the felt that carried out 
needle punch, and the trouble of quality or the yield tends to produce it. [ weak ] 

[0005] The carbon fiber paper by the wet paper-making method which uses phenol resin as a binder as one means to solve this 
problem can be considered. According to this method, it is possible to include the phenol resin of the specified quantity as a 
binder beforehand in a carbon fiber paper, and a prepreg process becomes unnecessary. 

[0006] However, in almost all cases, a free phenol is contained, phenol resin has a problem in the waste water treatment in 
wet paper making, and paper making in system level is almost actually next to impossible. 

[0007] On the other hand, what does not contain a free phenol is possible for solid phenol resin, it does not have the problem 

of the waste water treatment in a paper-making process, and paper making in system level is possible for it. 

[0008] 

[Problem(s) to be Solved by the Invention] However, since solid phenol resin had the high viscosity at the time of a 
thermofusion, it was very difficult to make a homogeneous forming board in a thermoforming process, was inferior to the 
dispersibility of a resin in it, and had the fault that it could be tended to do the bad board of surface smooth nature. 
[0009] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly that these technical problems should be solved, this 
invention persons find out that the prepreg sheet which added and carried out paper making of the 3rd component in addition 
to the principal component of a carbon fiber and solid phenol resin can solve the above-mentioned fault in manufacture of a 
porous carbonaceous Plastic solid, and came to complete this invention. 

[0010] Namely, this invention is a sheet which makes a principal component a carbon fiber (A) and solid phenol resin (B), 
and is obtained by carrying outjDaper making, and is set on the prepreg sheet for porous carbonaceous fabrication boards 
which presents ctmr^esstOTra noldlng gnd baking-witkand which is used as a porous carbonaceous fabrication board. The 
porous carbonaceouTfaBncation board wM^ff^ressed-f^he prepreg sheet for porous carbonaceous fabrication boards 
characterized by using an epoxy resin (C) together as an accessory constituent to a resin (B) and ] the prepreg sheet, and was 
calcinated is offered. 

[001 1] Although especially the carbon fiber (A) used by this invention is not limited, either a PAN system carbon fiber, a 
pitch based carbon fiber the carbon fiber that uses various organic fiber as a start raw material or the graphite fiber which 
graphitized these can be used for it, for example, these fiber (A) - the purpose ~ responding ~ independence - or it is used, 
combining 

[0012] Although especially the diameter of fiber of fiber (A) is not limited, what is in the range of 5-25 micrometers from the 
intensity and handling nature is desirable, an aspect ratio (fiber length/diameter of fiber) -- for example, when the 
dispersibility in the intensity and its paper-making process of the sheet by which paper making is carried out is taken into 
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consideration, the range of 50-10000 is [ 50 or more ] preferably good 

[0013] As solid p henol resin (B ) used by this invention, each thing of the well-known common use which is a solid can use it 
in ordinaiyTerhperature, especially it is not limited. As a thermofusion or heat-curing type thing, there are a re^olj^sin, a 
novolak resin, etc., for example. The former is the self-hardening type which can generally heat-harden by the resin 
m^ep^ndwitTand since the latter does not have hardenability in itself, generally a curing agent is used together. As a resin (B), 
the thing of weight average molecular weight 500-100,000 is desirable, considering the viewpoint of an actual carbon ratio. 
[0014] Of course, adding a curing agent or a hardening assistant if needed, and easing hardening conditions also by the case 
of a self-hardening type thing, is often performed. As a curing agent, a hexamethylenetetramine, polyamide resin, etc. can be 
used, for example. ' 
[0015] The epoxv resin (Q used by this invention is added in order to give plasticity to for example, the aforementioned resin 
(B). In this invention, the bisphenol A system epoxy resin, a nov olak type epoxv re sin, other gjvj^yj^therjsyst^ 
r esins , and the conversion object of those are mentioned as an epoxy resin which can be added to the aforementioned 
fundamental component, for example. As a resin (C), 80-degree-C or more thing 150 degrees C or less is preferably [ 200 
degrees C or less of 60 degrees-C or more melting points ] desirable especially. 
[0016] Although especially the amount of the resin (C) used is not limited, it is desirable to use so that it may become 50 % of 
the weight from 5 % of the weight, for example to the amount of the resin (B) used. The intensity of the forming board which 
is mentioned later and which is calcinated and is obtained is also good, without carrying out the level off also of the 

plasticization effect to the addition in this range. — ™ 

[0017] The amount of the sum total used of solid phenol resin (B) and an epoxy resin (C) is usual &5 % of the weight - 9 0%^ 
of the weight of a range to the sum total of a carbon fiber (A) and solid phenol resin (B), and /30 % of the weight - 70^£^ the 
weight of its range is preferably good. If it is within the limits of these, the intensity of the prepreg sheet itselt is alsoenough 
and fabricating is also easy. Moreover, if it is this range, the dynamics intensity as a porous carbonaceous fabrication board 
finally obtained from this prepreg sheet will also become good. 

[0018] In order to make the gas transmittance of the carbonaceous fabrication board after baking become sufficient value in 
obtaining the prepreg sheet for porous carbonaceous fabrication boards of this invention, organic fiber (D) can be further used 
together. 

[0019] Although each thing of well-known common use can use it, especially it is not limited as fiber (D), rayon, a polyester 
fiber, a polypropylene fiber, a polyethylene fiber, an aramid fiber, etc. can be used, for example. As fiber (D), the organic 
fiber of the non-filamentation which is not fibrillating is desirable. When the organic fiber which is fibrillating, for example, 
wood pulp fiber, carries out forming baking of the prepreg sheet finally obtained using it, it forms coat structure after 
carbonization and has the inclination for gas air permeability to fall. 

[0020] As for fiber (D), it is desirable to usually consider as 10 - 40 weight section from a viewpoint of the moulding pressure 
in a back process also in 10 - 60 weight section to the 100 weight sections of a carbon fiber (A) and a solid phenol resin (B) 
sum total weight. 

[0021] It is also possible to also add various inorganic fibers, such as a ceramic fiber, a silicon carbide fiber, and 
silicon-nitride fiber, and fillers, such as a graphite powder, to them, in order to raise a heat characteristic and a dynamics 
property more to these fiber (A) and (D) if needed. 

[0022] The prepreg sheet of this invention can be easily manufactured by carrying out paper making using fiber (D) the 
above-mentioned fiber (A), a resin (B), a resin (C), and if needed. As the paper-making method, both dry process and a wet 
method are adopted, and ** of a wet method is desirable in respect of homogeneity. 

[0023] As this wet paper-making method, fiber (A), a resin (B), a resin (C), and the need are accepted, for example. Fiber (D), 
After it distributes [ be / under / water medium / by which it was added to the distributed assistant if needed ] adding / it ] so 
that it may become uniform, and making various fillers into a slurry, the method of using as a prepreg sheet is employable by 
an inclined type network's removing only ****** and a water medium, obtaining a wet nonwoven web, and drying it. 
[0024] Moreover, it adds into the water medium by which fiber (D) was added to the distributed assistant if needed fiber (A) 
and if needed, for example. After it distributes so mat it may become uniform, and making it a slurry, an inclined type network 
removes only ****** and a water medium, a wet nonwoven web is obtained, and the method of drying the constituent which 
contains a resin (B) and a resin (C) in it as an indispensable component, after sinking in at the time of heat can also be 
adopted. 

[0025] As a distributed assistant, although the protective colloid of well-known common use, a surfactant, etc. can be used, a 
polyethylene oxide, polyoxyalkylene monochrome phenol ether, an alkylbenzene sulfonic-acid metal salt, polyvinyl alcohol, 
self-emulsifiability acrylic resin, a self-emulsifiability epoxy resin, etc. can be used, for example. 

[0026] Moreover, it is desirable to use various macromolecule fixing agents for it, in order to raise the yield at the time of 
paper making to resin powder. As these fixing agents, a polyacrylamide resin, an aluminum sulfate, a polyaluminium chloride, 
etc. are mentioned, for example. 

[0027] In obtaining the dry prepreg sheet, methods, such as hot air drying, far-infrared irradiation, and microwave irradiation, 
are employable, for example. Drying until only the adhesiveness of the sheet itself is lost is desirable. If it dries highly, it will 
become difficult to carry out an allocated type to the configuration of the request to the below-mentioned compression 
molding. In obtaining a precise carbonaceous fabrication board, it carries out by examining this dryness condition. 
[0028] Although the thing of what thickness is sufficient as the prepreg sheet of this invention, it is a 0.2-1 .2mm thing, for 
example. The weights per two are usually 75-300g lm. 
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[0029] Thus, let the obtained sheet be for example, a porous carbonaceous fabrication board by calcinating, after pressing and 
carrying out an allocated type. In addition in this compressipn-molding, fabrication is simultaneously performed also for heat 
if needed using the metal mold of well-known common use. of cou rse, metal mo ld - vacuum compression forming which 
deaerates and fabricates inside to a vacuum is also employable 

[0030] Also in which method, in a sheet, although two or more sheet laminating is carried out and being fabricated, it is also 
possible in this case one sheet or to carry out the laminating of the sheet of a different kind to it, and to fabricate it according 
to the purpose. 

[0031] Subsequently, let the forming board obtained by the aforementioned fabrication be a carbonaceous and porous forming 
board by calcinating. Although especially the conditions of baking are not restricted, they can obtain a carbonaceous forming 
board by calcinating at the temperature of 1000-3000 degrees C, for example in inert gas atmosphere, such as nitrogen and an 
argon, or a vacuum. It is also possible to graphitize by calcinating at the temperature of further 2000-3000 degrees C 
depending on the purpose. 

[0032] Thus, the obtained porous carbonaceous fabrication board is employable as the various uses of well-known common 
use. Specifically, the use of various electrode materials, a separator, a heat insulator, etc. is mentioned. . 
[0033] Using the organic fiber which is not fibrillating, thg^p oxy resin weight to a solid phenol resin weight is 5 - 50% of the 
weigh t of a rang e, and the carbonaceous fabrication board obtained using the sheet of this invention which is 5 to 50% of the 
weigfifoFarange comparatively of the aforementioned organic fiber to a carbon fiber satisfies the surface smooth nature and 
intensity as which the property is required of an electrode board, gas air permeability, etc., and serves as a material very 
useful as an object for electrode boards. It is well in agreement with the specification value as a phosphoric acid type fuel cell 
electrode board especially. 

[0034] The military requirement these-described above is peculiar to an electrode board, and it being what cannot be directly 
expected from the forming board which only fabricated and was obtained is that there is nothing **** about garrulity. 
[0035] 

[Example] Next, an example explains this invention in detail. The following, as long as there is no notice, each of "sections" 
and "%s" is taken as weight criteria. 

[0036] They are ratios 4/6 (weight ratio) about the pitch based carboniiber [DONAKABO Made from DONAKKU, and 13.5 
micrometers of diameters of fiber] and polybutylene-terephthalate (PBT) fiber [ldx3mm] of the [example 1] aspect ratio 460. 
It distributed in water at 0.2% of sum total fiber concentration, self-hardening type phenol resin (weight average molecular 
weight 12000) and the bisphenol A diglycidyl ether type epoxy resin (100 degrees C of melting points, weight per epoxy 
equivalent 950) were added there, and the slurry was prepared. 

[0037] The sheet was milled for the content of each component as the pheno Tresin powder 20 section , the epoxy resin powder 
1 section, the carbon fiber 200 section, and the PBT fiber 10 section. The organic fiber content [ as opposed to 5 % of the 
weight and a carbon fiber in the epoxy resin addition to the phenol resin at this time ] was 5 % of the weight. 
[0038] In order to improve the yield of resin powder, the cation nature polyacrylamide was added a total of 0.3% of opposite 
fiber to the above-mentioned slurry, and improvement in fixing to the fiber base material of a resinous principle was aimed at 
to it. Paper making of this slurry was carried out in the inclined type wire gauze nonwoven fabric manufacturing installation, 
and the wet web which carried out humidity was obtained. 

[0039] This web was dried for 4 minutes by 140-degree C hot blast, and the prepreg sheet of 175 g/m2 of non-adhesiveness 
was obtained. 

[0040] Two sheets of this sheet were pressed in piles (for [ 170-degree-C and pressure / of 7kg/cm ] 2 or 20 minutes), it 
calcinated at 2000 degrees C in the vacuum further, and the graphite board was obtained. The physical-properties value of the 
obtained graphite board was shown in Table 1 . 

[0041] Except not using the [example 1 of comparison] epoxy resin powder 1 section, paper making was performed on the 
same conditions as an example 1, the prepreg sheet was obtained, it calcinated on the conditions same subsequently and the 
graphite board was obtained. The physical-properties value of the obtained graphite board was shown in Table 1. 
[0042] 
[Table 1] 
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[0043] The actual measurement conditions of these evaluation criteria are as follows. 

Basis weight: JIS It measured based on P8124. 

Density: JIS It measured based on P81 18. 

Thickness: Measure using a micrometer. 

Bulk density: JIS It measured based on R7212. 

Flexural strength: Same as the above. 

Surface state (surface smooth nature): It judged visually. 

The degree of gas infiltration (fault): It measured with improvement Gurley method. 

[0044] Since the prepreg of an example 1 is using the epoxy resin together, according to the plasticization effect of that, the 
dispersibility and the fluidity of a resinous principle are good at the time of thermoforming, and the homogeneous forming 
board is obtained at it, as contrast with an example 1 and the example 1 of comparison shows. Therefore, it turns out that the 
graphite board which calcinated it is also the thing excellent in surface smooth nature. 

[0045] Except using it, the slurry as a publication was prepared according to having described above respectively to the 
[examples 2-3] table 2, paper making was performed on the same conditions as an example 1, the prepreg sheet was obtained, 
it calcinated on the conditions same subsequently and the graphite board was obtained. The physical-properties value of the 
obtained graphite board was shown in Table 2. 

[0046] In addition, using the same thing as having used in the example 1, using the DAIWABO rayon (ldx3mm) by Daiwabo 
Co., Ltd. as rayon fiber, as wood pulp fiber, phenol resin, the epoxy resin, and the carbon fiber were exposed, and, on the 
other hand, used pulp (broad-leaved tree kraft pulp and freeness 600cc). 
[0047] 
[Table 2] 
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[0048] Although the graphite board of an example 3 had and carried out gas infiltration, it was inadequate as an object for 
phosphoric acid type fuel cell electrode boards. 

[0049] Except using it, the slurry as a publication was prepared according to having described above respectively to the 
[examples 4-5] table 3, paper making was performed on the same conditions as an example 1, the prepreg sheet was obtained, 
it calcinated on the conditions same subsequently and the graphite board was obtained. The physical-properties value of the 
obtained graphite board was shown in Table 3. 

[0050] In addition, on the other hand, rayon fiber used ldx3mm ** as polypropylene (PP) fiber using the same thing as having 
used in the example 2 using the same thing as having used phenol resin, the epoxy resin, and the carbon fiber in the example 
1. 

[0051] 
[Table 3] 
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[0052] 

[Effect of the Invention] In this invention, since the epoxy resin is used together in obtaining the prepreg sheet for porous 
carbonaceous fabrication boards to the phenol resin which is the conventional resinous principle, the exceptional remarkable 
effect that the porous carbonaceous fabrication board of the surface smooth nature which was finally excellent is obtained is 
done so. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** snows m e word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Next, an example explains this invention in detail. The following, as long as there is no notice, each of "sections" 
and "%s" is taken as weight criteria. 

[0036] They are ratios 4/6 (weight ratio) about the pitch based carbon fiber [DONAKABO Made from DONAKKU, and 13.5 
micrometers of diameters of fiber] and polybutylene-terephthalate (PBT) fiber [ldx3mm] of the [example 1] aspect ratio 460. 
It distributed in water at 0.2% of sum total fiber concentration^sel f-hardening ty pe phenol resin (weight average molecular 
weight 12000) an d the bisphen ol A di glycidyl ether type epoxy resin (100 degrees C of melting points, weight per epoxy 
equivalent 950) were added mer^rancTthe slurry was prepared. " 

[0037] The sheet was milled for the content of each component as the phenol resin powder 20 section, the epoxy resin powder 
1 section, the carbon fiber 200 section, and the PBT fiber- 10 section. The organic fiber content [ as opposed to 5 % of the 
weight and a carbon fiber in the epoxy resin addition to the phenol resin at this time ] was 5 % of the weight. 
[0038] In order to improve the yield of resin powder, the cation nature polyacrylamide was added a total of 0.3% of opposite 
fiber to the above-mentioned slurry, and improvement in fixing to the fiber base material of a resinous principle was aimed at 
to it. Paper making of this slurry was carried out in the inclined type wire gauze nonwoven fabric manufacturing installation, 
and the wet web which carried out humidity was obtained. 

[0039] This web was dried for 4 minutes by 140-degree C hot blast, and the prepreg sheet of 175 g/m2 of non-adhesiveness 
was obtained. 

[0040] Two sheets of this sheet werejjjsssed in piles (for [ 1 70-degree-C and pressure / of 7kg/cm ] 2 or 20 minutes), it 
calcinated at 2000 degrees C in the vacuum further, and the graphite board was obtained. The physical-properties value of the 
obtained graphite board was shown in Table 1. 

[0041] Except not using the [example 1 of comparison] epoxy resin powder 1 section, paper making was performed on the 
same conditions as an example 1, the prepreg sheet was obtained, it calcinated on the conditions same subsequently and the 
graphite board was obtained. The physical-properties value of the obtained graphite board was shown in Table 1. 
[0042] 
[Table 1] 

$1 





mm \ 


mm i 


#S (g/m*> 


17 0 


16 8 


mm (g/cm») 


0. 28 


0. 27 


Bfr (mm) 


0. 42 


0. 42 


(g/cm 8 ) 


0. 42 


0. 42 


mmm (kgf/of) 


1. 5 


1. 4 




o 


X 




o 


o 



[0043] The actual measurement conditions of these evaluation criteria are as follows. 
Basis weight: JIS It measured based on P8124. 
Density: JIS It measured based on P81 18. 
Thickness: Measure using a micrometer. 
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Bulk density: JIS It measured based on R7212. 
Flexural strength: Same as the above. 
. Surface state (surface smooth nature): It judged visually. 

. The degree of gas infiltration (fault): It measured with improvement Gurley method. 

[0044] Since the prepreg of an example 1 is using the epoxy resin together, according to the plasticization effect of that, the 
dispersibility and the fluidity of a resinous principle are good at the time of thermoforming, and the homogeneous forming 
board is obtained at it, as contrast with an example 1 and the example 1 of comparison shows. Therefore, it turns out that the 
graphite board which calcinated it is also the thing excellent in surface smooth nature. 

[0045] Except using it, the slurry as a publication was prepared according to having described above respectively to the 
[examples 2-3] table 2, paper making was performed on the same conditions as an example 1, the prepreg sheet was obtained, 
it calcinated on the conditions same subsequently and the graphite board was obtained. The physical-properties value of the 
obtained graphite board was shown in Table 2. 

[0046] In addition, using the same thing as having used in the example 1, using the DAIWABO rayon (ldx3mm) by Daiwabo 
Co., Ltd. as rayon fiber, as wood pulp fiber, phenol resin, the epoxy resin, and the carbon fiber were exposed, and, on the 
other hand, used pulp (broad-leaved tree kraft pulp and freeness 600cc). 
[0047] 
[Table 2] 
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[0048] Although the graphite board of an example 3 had and carried out gas infiltration, it was inadequate as an object for 
phosphoric acid type fuel cell electrode boards. 

[0049J Except using it, the slurry as a publication was prepared according to having described above respectively to the 
[examples 4-5] table 3, paper making was performed on the same conditions as an example 1, the prepreg sheet was obtained, 
it calcinated on the conditions same subsequently and the graphite board was obtained. The physical-properties value of the 
obtained graphite board was shown in Table 3. 

[0050] In addition, on the other hand, rayon fiber used ldx3mm ** as polypropylene (PP) fiber using the same thing as having 
used in the example 2 using the same thing as having used phenol resin, the epoxy resin, and the carbon fiber in the example 
1. 

[0051] 
[Table 3] 
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[Translation done.] 



